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Abstract 
This study investigated teachers’ purposes and practices in conducting practical work at the lower secondary school level. Six science teachers 
from a state in Malaysia were interviewed. The findings suggest that teachers’ aims in terms of practical work can be classified into: conceptual, 
procedural and affective domains. Implemented practical work was highly structured in the sense that every detail about how to conduct the 
practical task, what to observe and what the expected results would be, was given to the students. Students’ experience of practical work as 
implemented could lead to a surface approach to learning rather than deeper learning for understanding.  
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1. Introduction 
This paper reports the findings of a study of Malaysian teachers’ aims and practices with regard to practical 
work. The Malaysian science curriculum specifies practical work as a preferred teaching approach in science 
(Ministry of Education, 2002). However teachers’ understanding of the learning aims through practical work, 
especially at the lower secondary school level in Malaysia, is still an on-going debate.  
Practical work in school is carried out in different ways (Wellington & Ireson, 2008). In terms of the practical 
component of school science, practical work is “…any science teaching and learning activity in which the students, 
working individually or in small groups, observe and/or manipulate the objects or materials they are studying” 
(Millar, 2004, p.1). Wellington (1998) argues that practical work in school science may be used by teachers as 
illustrations of phenomena, to give students a feel for the phenomenon, and/or as exercises or steps to follow to 
develop a particular skill. Woolnough and Allsop (1985) classified school practical work as exercises, investigations 
and experiences. Exercises are for skills development, including correct use of laboratory equipment while 
investigations involve problem solving in open-ended tasks. Their view about giving students a “feel for 
phenomena” (p. 4), is in agreement with Wellington’s view. A broader definition of practical activities in school 
science is “…learning experiences in which students interact with materials or with secondary sources of data to 
observe and understand the natural world” (Lunetta, Hofstein & Clough, 2007, p. 394). If the purpose of practical 
work is to gain an understanding of scientific investigation, Hodson (1996) believes then learning about science has 
to be linked with doing science. 
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Practical work was first introduced in schools in the Nineteenth Century in Britain (Atkin & Black, 2007). The 
purpose was more than just doing experiments to confirm a theory that was already known.  Rather, it was to find 
out something that had not been known previously. Atkin and Black (2007) state that the pendulum swung between 
the inclusion of practical work and an emphasis on learning scientific facts and theories. Earlier in the Twentieth 
Century a “cookbook” approach (also referred to as “recipe practical”) with an emphasis on practical skills, 
following instructions and confirming well-established results was common (Hipkins et al., 2002). Practical work 
was about “learning by doing” and would confirm the theory presented in the textbooks (Moeed, 2010).  
In the United Kingdom, Wellington (1998) describes three phases of practical work in the latter half of the last 
century; the discovery approach, the process approach, and investigation. The first, the discovery approach, was 
described by Hodson (1996) as “…philosophically unsound and pedagogically unworkable” (p.18) because it 
promoted observations as theory-free, and required a leap from experimental data to theory through an inductive 
process. The criticism of the second phase, the process approach, was because it implied that the processes of 
science (observing, predicting, inferring, etc.) could be learnt out of context. It was underpinned by the belief that 
skills could be transferred from one context to another, and that the less able learners could learn the skills even if 
they could not understand the content. The belief was that any student could learn science (Wellington, 1998). 
Hodson (1991) disagreed, and asserted that the transfer of practical skills to another context is not achieved by most 
students. Investigation, the third phase, was introduced in England and Wales in 1989. Alongside the teaching of 
investigation came internal assessment which has reduced the learning of science investigation as a single, linear, 
unproblematic fair testing type of investigation for assessment purposes (Moeed, 2011). 
Millar (2004) asserts that the discussion that follows any practical activity is essential for developing 
understanding, and that the two are so closely related that it does not make sense to separate them. Millar adds that 
the role of practical work in the teaching and learning of science content is to help the students to make links 
between two “domains” of knowledge as shown in Figure 1 
 
 
Figure 1: Practical work: linking two domains of knowledge (Millar, 2004, p.8) 
 
 
Millar points out that the teacher plays a key role in helping students to make links between the two domains. 
 
Abrahams and Saglam (2010) suggest that teachers’ three broad aims in terms of practical work can be 
categorised into three domains: procedural, conceptual and affective. They found that teachers want: 
• to encourage accurate observation and careful recording. 
• to promote simple, common-sense, scientific methods of thought. 
• to develop manipulative skills. 
• to prepare pupils for assessed practical work.- 
• to arouse and maintain interest in the subject. 
• to make biological, chemical and physical phenomena more real through actual experiences 
(Abrahams & Saglam, 2010, p. 726) 
 
Based on “mode of delivery” and “degree of openness”, Baillie and Hazel (2003) suggest that teachers ought to 
implement four types of practical work (See Table 1).  
Table 1: Practical work that the teachers implemented that suggested by Baillie and Hazel (2003, p. 4). 
 
Type of practical Level of Definition of level 
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work  enquiry Aim Material  Method Answer  
Controlled exercises 1 Given  Given  Given Open 
Structured 
investigations 
2 Given  Given all or 
part  
Given all or 
part 
Open 
Unstructured 
investigations 
3 Given  Open  Open Open 
Projects  4 Open  Open  Open Open 
 
There is considerable literature that makes the link between motivation to learn and students’ approaches to 
learning. Motivational theorists (Entwistle, 2005) describe the relationship between student motivation to learn and 
their approach to learning.  
 
2. Methodology 
The study took a case study approach that allowed the researcher to examine the phenomenon of “practical work” 
in science at the lower secondary school level. Data were collected through in-depth, semi-structured interviews that 
allowed the teachers to talk about their own context in their first language. 
Six science teachers, two males and four females from five schools from a state located in the southern part of 
Peninsular Malaysia participated in this study. Three schools were located at the outskirts of the city, and two were 
located in the city centre. The participants and the schools were given pseudonyms to protect their privacy. The 
participants’ teaching experience ranged from 6 to 16 years. Two teachers were science majors, two were Chemistry 
majors, and two teachers were specialized in Biology. 
 
2.1 Data analysis   
 
The large volume of interview audio taped data was first translated from Bahasa Melayu to English. This 
translation was checked through a member checking method for accuracy. Teachers’ responses regarding their aims 
in terms of practical work were analysed by applying Abrahams and Saglam’s framework; data were coded into six 
categories (see above) and checked for accuracy. Finally, the codes were attributed to procedural, conceptual and 
affective domains. Teachers’ responses regarding their approach to practical work were analysed by applying Baillie 
and Hazel’s (2003) framework. 
 
 
 
 
3. Results 
All the teachers (n=6) believed that the aim of implementing practical work was to develop procedural 
knowledge. They wanted the students to have manipulative skills and to follow the given instructions to produce the 
expected results. Some teachers (n=3) wanted the students to develop conceptual knowledge that could later be used 
in answering examination questions. The least common response (n=2) put forward by the teachers was that their 
aim for conducting practical work was in order to arouse and maintain students’ interest with regard to science. This 
was categorised as being in the affective domain.  
All the teachers perceived that developing students’ procedural knowledge was very important in avoiding 
unwanted incidents that might affect students’ safety. They also argued that by having an appropriate procedural 
knowledge, the students could produce the expected results and observe real phenomena. The teachers held the view 
that students could learn the concepts better by doing as opposed to being lectured to, and that the concepts learnt in 
this way could prepare the students for examinations. The teachers suggested (n=?) that practical work could 
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transform a teaching and learning environment that only required the students to listen to lectures and write notes, 
into learning experiences that allowed the students to be actively involved in the teaching and learning activity. 
The teacher practice in terms of approaches to implementing practical work were analysed using Hazel and 
Baillie’s (2003) framework of controlled exercises - structured investigations, unstructured investigations and 
projects. The most common teaching approaches that teachers said they implemented with their classes were 
controlled exercises and unstructured investigations. All the teachers (n=6) said that they preferred to conduct 
practical activites where the aims or problems were predetermined, the laboratory equipment were prepared 
beforehand, the method was explained in detail, and the results were given to the teachers. They (n=6) believed that 
through such an approach, the students could produce and observe real phenomena, and later they could learn the 
expected results. The second most common approach that the teachers (n=2) implemented in conducting practical 
work was through unstructured investigation. Through this approach, the teachers left some of the details for the 
students to determine, such as identifying variables if they conducted a fair test. The teachers said that the students 
could develop scientific skills if they had the opportunity to decide some aspects of the task. None of the teachers 
said that they conducted unstructured investigation or projects. 
In their view (n=6), their students lacked the procedural skills to plan their own investigations, and therefore the 
teachers did not implement open-ended investigations. All teachers (n=6) believed that the students did not have the 
academic ability to manage project work, and therefore the best approach was to give them highly structured 
practical work. More than half the participants (n=4) also believed that, regardless of their academic abilities, 
students at this level could not perform practical work on their own. They said that students need assistance from 
teachers to complete the tasks.   
4.0 Discussion  
The teachers in this study considered the aim of practical work to be to mainly develop procedural and 
conceptual knowledge which can be achieved through very structured tasks. Hipkins et al. (2002) call this the 
“recipe practical or cookbook” approach to science teaching, and argue that such an approach leads to an emphasis 
on practical skills, following instructions and confirming well-established results. Controlled exercises and 
structured investigations are likely to limit students’ opportunities to think and interpret the results, because they 
would be limited to the procedure prepared by the teachers (Baillie & Hazel, 2003). The teachers said that they 
focused on skill development so that students could become skilful, and get to know the equipment they needed to 
use correctly and safely. Hodson (1996) argues that skill transfer, for example observation and making inference, 
cannot be achieved by most students. The teachers’ apparently preferred controlled exercises and structured 
investigations to ensure that the students did what the teachers intended them to do and learn. Such control takes 
away all learner autonomy and may lead some students to not engage in the practical work at all.  
Focussing on skill development often goes with the belief that all students can learn some science (Wellington, 
1998). The practical approach suggested by the participating teachers overlooked the importance of developing 
students’ procedural understanding which includes why they are following the steps set out in the recipe. The 
teachers’ second aim was to develop conceptual knowledge. The focus on students’ needs to remember the concepts 
acquired was to ensure they could remember and recall them for examination purposes and reduced opportunities to 
learn for understanding. 
  
4. Implications and Limitation  
In the light of this study, the teachers’ aims and practices in conducting practical work might impact on the 
students’ learning experiences. This study suggests that the implemented practical work can lead to surface learning 
that focuses on the development of conceptual and procedural knowledge (Entwistle, 2005). The students’ learning 
experiences could be extended to develop procedural understanding if the teachers explained the importance of 
following the steps, or asked the students to reflect upon the reasons for choosing particular equipment or processes. 
For example, if teacher wants students to add iodine to a food sample and explain that a positive test will make the 
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colour change to dark blue, this only leads to procedural knowledge. However if the students are told that the dark 
blue colour change means that starch is present in the sample, it leads to procedural understanding.  
Conceptual understanding could be developed if the students have the opportunity to use the ideas that the 
teachers intend them to learn as they engage with the task in hand. For example, the study conducted by Cox and 
Junkin (2002) showed that the students’ cognitive engagement could be maximized if the teachers included the 
questions related to the concepts as the students conducted the procedure. 
As a case study of a small group of teachers, the results have limited application. But as the results are congruent 
with similar findings internationally, they are a useful addition to the debate on the aim and practices for conducting 
practical work in science, especially in Malaysian context. 
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